Japan
The absorption of carbon dioxide or sulfur dioxide into aqueous sodium hydroxide solution has been performed in a packed column, and its application to the theory of gas absorption accompanied by chemical reaction has been studied. Furthermore, the effects of the heat of solution and heat of reaction on gas absorption rate have also been investigated.
The experimental values of reaction factor, which were evaluated from Eq.(7) by using the mean values of temperature and concentration at the top and the bottom of the column respctively, were in good agreement with theoretical values within an error of 30%, even though the liquid temperature difference between the inlet and the outlet of the column was as high as 30°C. Thus, the overall reaction factor in the packed column may be evaluated from Eq. (7) for other reaction systems.
A number of theoretical and experimental studies have been reported for gas absorption accompanied by chemical reaction in packed columns. Tepe and Dodge10) and other investigators1-6) have studied the overall capacity coefficients in packed columns for the absorption of carbon dioxide into sodium hydroxide solution when the concentration in gas phase is less than several percent. Therefore, the variation of sodium hydroxide concentration throughout the columnis limited.
This paper discusses the absorption of pure carbon dioxide or pure sulfur dioxide by aqueous sodium hydroxide solutions in a packed column under adiabatic conditions. Furthermore, the effects of the heat of solution and heat of reaction on gas absorption rate are also investigated. 
Experimental
The absorption column used in this study was 7.6 cm I.D. glass tube and was packed with 6 mmceramic Raschig rings to a maximumheight of 40 cm.
The column consisted of a double tube evacuated and silver-coated like a vacuum bottle to avoid heat exchange through the column wall. Sodium hydroxide solution was irrigated on the top of the packed bed through a distributor with forty holes to obtain a uniform distribution. Exit liquid samples were withdrawn from the column through a sampling device fitted beneath the bottom of the packed bed to reduce the end effect. Gases of 99.8% purity were fed to the bottom of the column from commercial cylinders.
Inlet liquid temperature was adjusted to 15°C. Inlet gas temperature was also adjusted to about 15°C except for a few runs. Inlet and outlet liquid samples were analyzed for concentrations of total alkalis and by the Warder method, using phenolphthalein and methylorange as indicators for CO2-NaOH system and thymolphthalein and methylorange for SO2-NaOH system.
No effect of inlet gas temperature on gas absorption rate was observed, as shown in Table 1 for CO2-NaOH system. However, the liquid concentration and tem- Tt -T0 = (Cm -Cm)(-JHS -AHE)\cp9 (1) and Fig. 1 suggests the validity ofEq.(l).
Discussion
Based on the assumption that the liquid flow is piston-like, the material balance for any differential column height, dz, leads to:
where CAL is considered to be zero. Thus, Eq. (2) gives:
with boundary conditions CB=Cm at z=0 (4) CB=Cm at z=zt
Eq.(3) is changed to dimensionless form by substituting the dimensionless quantities Y -CB/CB0 and Z -z\zt, and then integrating with boundary conditions (4) and (5) B _ FCB^\-Yt)
In Fig. 4 , the values of /3 obtained from Eq.(7) are plotted against the theoretical ones estimated from the film theory.
In the calculation of the theoretical value of /3, the reaction between carbon dioxide and sodium hydroxide is considered to be an irreversible second-order reaction as given by Nijsing et al.5^. The reaction between sulfur dioxide and sodium hydroxide is considered to be a two-step The product of/5 and A^* varied little for the systems studied in the present paper, though the liquid temperature difference between top and bottom of the column was as high as 30°C. Thus, the overall reaction factor in the packed column can be evaluated from Eq. (7) by using the mean values of temperature and concentration at top and bottom of the coulmn respectively, and observed values of ft are in good Taking account of the liquid flow rate, the variation of liquid temperature in the column is considered to decrease with increasing liquid flow rate. This allows the overall reaction factor to be evaluated more accurately.
For other reaction systems, heat effect on gas absorption rate in liquid jet was negligibly small, not only for low solubility of gas, but also for high solubility of gas such as ammonia according to the result given by Onda et al.9) . Therefore, the overall reaction factor in a packed column for other reaction systems may be evaluated from Eq. (7) by using the meanvalues of temperature and concentration at top and bottom of the coulmn, respectively. value of FRcorresponding to xAe = 0 is a maximum which corresponds to FA->oo. That this must be so
